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ELECTRON MICROSCOPE STUDIES OF FERRET 
RESPIRATORY CELLS INFECTED WITH 
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Depariment of Pathobiology, The Johns Hopkins University School of Hygiene and Public Health 


Received for publication May 28, 1957 


The interactions of the myxoviruses (influenza, mumps, and Newcastle 
disease virus) with host cells have been studied for the most part in developing 
chick embryos (1, 2, 3, 4). Virus-infected respiratory epithelium itself has been 
observed in the electron microscope in only one recorded study, by Harford et 
al. (5). Since the lining cells of the chick embryo allantoic sac react to virus by 
developing abnormal extrusions of microvilli (5, 6) which expel the parasitic 
virus from the cell, it was of interest to study the classic destruction of ciliary 
and mucous cells by influenza virus (7, 8). 

The columnar cells lining the respiratory tract present to an invading agent 
a specialized surface crowded with cilia and microvilli, or microvilli alone 
(9, 10, 11). In addition there are mucous cells constantly secreting the very 
mucoprotein thought to be a necessary substrate for virus action. We have 
found in ferret mucosa infected with influenza virus a type of cell destruction 
very similar to that of the chorio-allantoic sac lining cells infected with the 
virulent strain of Newcastle disease virus. There was little evidence of localized 
action of the virus on a particular part of the cell. Reaction to virus was mani- 
fest either by the dehydration and shrinking of surface cells or by disintegra- 
tion of cells after excessive activity at their surface area: edema, ballooning of 
mitochondria, depopulation of cilia, and external scattering of cell debris. 


In either case, the frequent result was desquamation, but phagocytosis was 
also observed. 


From the start of this destructive process, the basement cells became active 
in replacing the degenerating surface cells, filling in at first between the ciliated 
cells to replace focal loss. As the desquamation of all ciliated and mucous cells 
continued, a whole new surface layer was built up by the basement cells. Some 
of the newly surfaced cells then began to develop a few cilia, others a little 
mucous, and by thirty days after the initial infection the mucosal surface 
looked entirely normal. 


Supported by a Grant in Aid from the National Institute of Allergy and Infectious Dis- 
eases (E-135) U.S.P.HLS. 


National Academy of Science Foreign Research Scientist. 
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Fic. 1. Normal ferret mucosa, fixed in osmium, embedded in methacrylate, cut and 
stained with Giemsa stain. « 1,000. 
Fic. 2. Similar preparation. Influenza infection present 48 hours. 


176 


4, 
" > 13 day 
| 
. They 
. 4 two | 
> 
asti 
we 
stai 
= 


FERRET RESPIRATORY CELLS INFECTED WITH INFLUENZA 177 


TABLE I 


The Number of Ferrets and the Number of Individual Blocks* from Each Animal Studied in the 
Electron Microscope 


Time of Infection 


Experiment 1 Experiment 2 
Control. 5 3,2 
6 hours. . 1 
12 hours 1 
18 hours 2 
24 hours 2 
48 hours 4 3 
4 days. . 2 
7-8 days 1,2 
10 days oe 3 2 
13 days 2 
15 days 2,1 
17-18 days 2 2 
30 days 1 2 


* The presence of a figure means one animal studied. The number itself refers to the number of 
blocks examined. 


MATERIALS AND METHODS 


Ferrets purchased from Mr. George Wirtz were kept in semi-isolation for 10 to 14 days. 
They were then inoculated intranasally with a strain of influenza PRs virus originally ob- 
tained from Dr. R. E. Shope (12). 

The animals were anesthetized with ether, and one-half cc. of fresh undiluted allantoic 
fluid harvested from infected embryos was placed in each nostril. Two separate experiments 
were carried out. Typical symptoms of fever and coryza plus a sequence of histological 
changes were criteria for successful inoculation in the first series. In the second series, the 
two control ferrets were checked for antibody. None was found. All of the infected ferrets 
were shown to have virus present in their nasal washings two or three days after inoculation. 
Presence of virus was demonstrated by inoculating the washings with penicillin and strepto- 
mycin into a chick chorio-allantoic sac. Control ferrets were inoculated with 2 cc. of normal 
allantoic fluid. The ferrets were killed by a sharp blow on the back of the head. Immedi- 
ately thereafter 1 per cent buffered osmium tetroxide solution (13) was dropped into the 
nostrils. The bony covering of the nose was rongeured away. Small pieces of nasal chamber 
were cut out and placed in osmium tetroxide for one hour at 4°C. 

All tissues after osmium fixation were washed in distilled water dehydrated in acetone 
impregnated in a mixture of four volumes of butyl methacrylate and one volume of methyl 
methacrylate containing one-half per cent 2,4 dichlorobenzoyl peroxide or of benzoyl 
peroxide. They were embedded in prepolymerized methacrylate and then polymerized at 
60-80°C. (14). Thin sections were cut with a Serval microtome (15) with a glass knife (16). 
The sections were studied, without removing the methacrylate in an R.C.A.E.M.U. type 
B-electron microscope. A back focal plane aperture, and more recently a compensator for 
astigmatism of the aperture, have been used. 

In order to compare the results of this electron microscope study with light microscopy, 
we present in Figures 1 and 2 the effect of influenza virus on this epithelium as seen in a 
stained slide in the light microscope. The tissue was fixed with osmium and embedded in 
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Imm. 

Fic. 3. Drawing of anterior turbinates of ferret. Cross section at the region of study. 
methacrylate just as were the electron microscope sections, and a thick section was then 
cut and stained with Giemsa’s stain.” 

One major frustration in looking at pathological material in the electron microscope is 
the fragment available for study is so minute a part of the whole affected organ. We have 
tried to give some idea of the extent to which our interpretations suffered from this limita- 
tion in Table I. It may be seen that a number of different blocks from each animal were 
studied, and that in several instances two different ferrets were studied after similar courses 
of infection. In spite of the numbers of sections cut in each block, it was of practical necessity 
to select a maximum of about twenty epithelial cells per block for processing and study. 
The changes herein recorded cannot there be considered all inclusive. 


NORMAL STRUCTURE 


Only a portion of the vast extent of the upper respiratory tract epithelium 
was studied. The bits of epithelium were removed from the anterior portions 


* Courtesy of Dr. T. van Metre. 
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submucosa is apparent in lower portion. Mucous cells have denser c 


cells. Note indented nucleus in ciliated cell. 
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Fic. 5. Details of mucous secretion, next to membranes of ergastoplasm (endoplasmic 


reticulum). Golgi area of ciliated cells, just below mitochondrial areas. Note irregular pro- 
jections between cells. Cilia extend over top of mucous cell. * 12,720. 
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of the convoluted ethmoturbinates shown in Figure 3. In this part of the nasal 
mucosa a layer of mostly ciliated columnar cells is interspersed with mucous 
secreting cells. At their bases, but above the basement membrane, are replace- 
ment or basal cells (7). It may be noted in Figure 4 that the cells nearer the 
base are retracted from each other and there is an apparent fluid space. Since 
osmium fixation proceeds from the surface down, it is possible that this retrac- 
tion is an artifact of fixation. We have no data at present that could clarify 
this point. An occasional leucocyte may be found in the basal layer. The epi- 
thelial layer rests on a regular, rather smooth continuous basement membrane 
which overlays the vascular submucosa. The submucosa is made up of scat- 
tered fibroblasts in a loose areolar tissue containing collagen fibers, often in 
small bundles, and thin walled capillary vessels. The detailed structure of the 
individual cells may best be described by reference to the individual illustra- 
tions and to the descriptions accompanying them (Fig. 5). 
CILIATED CELLS 

In the case of the ciliated cells in particular there are two aspects of a three 
dimensional relationship which are prerequisite to reading a single microphoto- 
graph in its true context. First is the relationship of the microvilli to the cilia. 
A cilium is about 200+ my in diameter, so a +25 my section could include 
only a ciliary slice in any event. A longitudinal section may be shaved off in 
such a way that it is not clearly distinguishable from a microvillus, a situation 
seen in Figure 6. A more factual view of the relationship is one resulting from 
the superimposed images of serial sections. Figure 7 is a composite tracing of 
eight serial microphotographs, of which Figure 6 is the most proximal. 

The relation of mitochondrial fragments to one another is also misleading in 
an isolated section, wherein they appear as scattered images (Fig. 5). When 
fifteen or so serial sections are superimposed, the segments are found to conjoin 
as parts of a plexus. Since the composite plexus as illustrated in Figure 8 seems 
a fairly drastic revision of the impression given by a single section, the method 
of composition is described separately (17). The reconstructed wedge of cell 
is only 0.4 w (15 X 25 my) thick, so that the sum of the mitochondrial forms as 
they would appear in the whole cell must await a complete series of slices 
through a whole cell. Equivocal structures were omitted. No attempt was made 
to represent the internal structures of the mitochondria. 


MUCOUS CELLS 


Every section that was studied had in it a cell or part of a cell containing 
variable sizes of secretory droplets which we presume to be mucous. The 
surfaces of most mucous cells were formed of microvilli of irregular sizes which 
leaned toward the center of the cell in the manner of a corn stack. This shape is 
probably forced by the neighboring ciliated cells which project cilia radially at 
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Fics. 6 and 7. Portion of ciliated cell, to be compared with reconstruction of eight serial 
sections of the same cell. Note the concentration of microvilli apparent in the reconstruc- 
tion on the side (right) adjacent to the mucous cell. X 12,250. 
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Fic. 8. Reconstruction of mitochondrial network in the same cell. To be compared with by « 
the first or most proximal section in this series (Fig. 9). « 15,000. 
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Fic. 10. Higher magnification showing border of normal mucous secreting cell, sheltered 


vith by ciliary umbrella from neighboring cells. x 22,800. 
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Fic. 11. Area of mucous extrusion between two cells. In this cell microvilli apparently 
absent. & 10,000. 

Fic. 12. Extrusion of portion of mucous cell with long and partially branched micro- 
villi. & 31,500. 
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the edges and often meet over the tops of mucous cells (Fig. 10). Other mucous 
cells pushed thick masses of cellular material out toward the surface so that a 
blunt pyramid of cell extended even beyond the neighboring cilia (Figs. 11, 12). 
We have no sequential or other data on the secretory activities of these cells. 
We have not as yet encountered the “brush” cells described in studies of rat 
trachea by Rhodin and Dalhamn (9). 


UNCLASSIFIED STRUCTURES SEEN IN UNINFECTED MUCOSA 


It was not unusual to find polymorphonuclear leucocytes in between the 
columnar cells. Their presence was not usually associated with cell destruction, 
but one section showed such a leucocyte below and adjacent to a degenerating 
cell tentatively identified as a mucous cell (Fig. 13). Degenerating ciliated cells 
had swollen mitochondria and exuded cellular contents between the cilia. 
These occasional degenerating cells could be distinguished from poorly fixed 
ones because they were surrounded by well preserved cells (9). Their relation- 
ship to pre-fixation change is not known, but they may simply represent ageing 
cells in a process of normal replacement. 

Some ciliated cells showed large opaque granules, usually on the surface side 
of the nucleus, which have not been classified ; others contained small accretions 
of vacuoles inside a membrane, much in the pattern of grouped virus particles. 


CHANGES PRODUCED BY THE VIRUS 


It would be gratifying to describe the changes produced by the virus in se- 
quence of time after infection of the animal, but our evidence does not comply 
with a consistent early schedule. Lesions which looked like early changes were 
found in animals inoculated 48 hours beforehand, rather than in those inocu- 
lated 18 or 24 hours before. We presume that there is a clue to this in Liu’s 
studies of the same infection by means of fluorescent antibody (8) in which he 
clearly demonstrated the focal nature of the early lesions. In lieu of time se- 
quence, then, we will describe the changes in morphological terms as follows: 

1. Acute diffuse (up to 24 hours) 

2. Acute focal (up to 48 hours) 

3. Generalized destructive (48 hours to 4+ days) 

4. Residual ‘‘Resistant’’ (4 to 7 days) 

5. Reparative (10 to 30 days) 

This allows some early latitude in the sequence of events, which become then 
clearly related to time after about 48 hours. 

1. The acute diffuse changes were best seen in the six and twelve hour speci- 
men. Here (Fig. 14) there was a generalized diffuse alteration of the surface 
areas of a number of neighboring cells. The microvilli between the cilia seemed 
much longer, frequently had ballooning tips, and were associated with a 
granular debris which stuck to the individual cilia. In other areas there were 
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Fic. 13. “Normal” ferret mucosa with degenerating cell (upper portion) and leucocyte 
penetrating into the degenerating cells. x 20,000. 


188 
Af 
ol cy 


cellular debris stuck on cilia, ballooning extrusion 


N 
Zz 
~ 
Z 
= 
= 
a 
5 
n 
> 
x 
© 
= 
= 
Nn 
x 
x 


Fic. 14. Early phase of virus action 
of cytoplasm between cilia (at base) and general disorganization of cell surface. X 13,720. 
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Fic. 15. Early focal lesion. Degenerate cell phagocytized by neighboring cell. Disor- 
ganized mass of material with dead cell’s nucleus in the left hand portion. New cell with 
short microvilli has taken place of ciliated cell at top. « 6,080. 
extrusions of whole portions of the cytoplasm between the cilia. In places the 
interconnecting basal areas of the microvilli seemed to be much more distorted 
and disturbed so that the surface was ruffled and wave-like. Other sections, ber 
taken from eighteen-hour-old infections, showed dense nuclei and dense cyto- gest 
plasm, with distended mitochondria. x 
I 
muc 


f 
‘ 


Fic. 16. Higher magnification of phagocytized degenerate cell nucleus of host cell to 
upper right (N) arrows indicate edge of phagocytized mass. Several bits of ingested material 
Separate from these and some of the host cells have destended mitochondria. Smaller in- 
gested masses very similar in appearance to virus inclusions described by Harford et al. (5). 
X 11,040. 

Fic. 17. Condensed remains of ciliated cell pushed out on top of partially ciliated cell and 
mucous cell. x 11,040. 
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Fic. 18. Mass of extended, irregular and branching microvilli on the surface of a mucous 
cell. 30,000. 

Fic. 19. Overlap of thin portion of mucous or replacement cell extending on top of ciliated 
cell as seen on right. « 40,000. 
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Fic. 20. Portion of a mucous cell with generalized disintegration, distended mitochondria, 
and ballooning disintegrating endoplasmic reticulum. X 24,500. 

Fic. 21. Fluid filled mitochondria and spaces between endoplasmic reticulum. Presumably 
this was originally Golgi zone. X 32,300. 
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Fic, 22. Fluid filled bleb between the nuclear portion and the cytoplasmic portion of the 
double nuclear membrane. x 29,800. 


Fic. 23. Similar but smaller bleb on the nuclear surface—actually between the two por- 
tions of the membrane. About 25,000. 
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2. Acute focal lesions are undoubtedly early lesions, although in our series 
they were most typically found in the 48-hour infection in the second experi- 
mental group. Figure 15, a typical example, shows a concentrated dehydrating 
cell which has been phagocytized by a neighboring cell (Fig. 16); the ciliated 
cells have disappeared from the surface and have apparently been replaced by 
basal cells just beginning to produce short microvilli. These cells in turn prob- 
ably would become infected, for the process of destruction continues. Focal 
destruction of ciliated cells may result in the sloughing out of their shrunken 
dense remnants (Fig. 17). If so the reaction could have a protective effect, for 
the expulsion of individual cells would result in less virus spread than phago- 
cytosis of such cells by an adjoining basal cell. 

3. In the generalized destructive phase of the infection, both ciliated and 
mucous cells are seen to be in various stages of reaction and death. The micro- 
villi of the mucous cells become more numerous and complex, appearing at 
times to be forked or branched (Fig. 18). A few individual cells spread them- 
selves thinly over the tops of others (Fig. 19). The interdigitating processes 
which presumably function as mortises between cells become less well defined. 
Cells themselves degenerate amid extensive formation of vesicles, many of 
which appear to be distended mitochondria (Fig. 20). Other vesicles appear 
between the membrane surrounding the nucleus and the cytoplasmic mem- 
brane normally adjacent to it, so that the latter is distinctly separated from the 
nuclear portion (Figs. 22, 23). The entire Golgi region disappears in a series of 
vesicles and fluid-filled compartments (Fig. 21). 

The surface layer of cells which are now either lacking in cilia or only sparsely 
ciliated may continue the process of sloughing, with red cells and debris stuck 
to it (Figs. 24, 26). The remaining basal cells with scattered projecting micro- 
villi are left overlying engorged blood vessels. It has been difficult to decide 
whether the sparsely ciliated cells (ig. 27) seen at this stage have lost cilia, 
or whether the rapid spreading out of a tall columnar ciliated cell into a hori- 
zontal plane to cover more surface has simply pulled apart the normally thick 
turf of cilia. Our impression is that both processes are going on simultaneously. 
Changes within nuclei were minimal. No masses of intracytoplasmic virus 
were seen. 

4. The Residual “‘Resistant’’ Phase. By four days there was little residual 
destruction. A few ciliated cells remained, red cells were still found scattered 
on the surface of the mucosa, and in some areas there were degenerating 
vesicular cells overlying regenerating compact cells with short microvilli. The 
mortising between the cells had become prominent again, and an occasional 
polymorphonuclear leucocyte was found wandering among these new cells 
(Fig. 28). The seven and eight day specimens showed no ciliated cells and no 
residual destruction. There was just a compact layer of irregularly interspaced 
cells with duid areas between some of them. 
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Fic. 24. Low magnification of extensive destruction of mucosa—48 hours. Top layer of 
cells, several of which are ciliated are in various stages of disintegration and are being 
sloughed. Leucocytes stuck to capillary wall and in perivascular space immediately below 
epithelial cell layer. X 3,320. 
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Fic. 25. Red cell adherent to cilia and with one yen ESS mie into red 
cell. X 19,760. 
Fic. 26. Leucocyte on surface of early degenerating cell. Several cilia are found cut on 
cross section within the cytoplasm of the leucocyte. About X 10,000. 
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Fic. 27. Border between a replacement cell and an extended ciliated cell. X 9,500. 
Fic. 28. Beginning restoration. New cells on surface lack cilia, leucocytes still abundant, 
between the epithelial cells. * 7,200. 
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Fic. 29. Beginning ciliary regeneration 10 days. Scattered cilia present among the profuse 
microvilli. 4,800. 


5. As the Reparative state began, by the tenth day, the epithelium had again 
become columnar, individual cilia stuck out into the fluid, above an array of 
long microvilli (Figs. 29, 31). The origin of the cilia was not apparent but the 
cells with these cilia had several dense granular areas about half way between 
the nuclei and the surface of the cell (Fig. 30). The cilia would seem to arise 
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Fic. 30. Higher magnification of same section small intensely granular areas between 
nucleus and cell surface. X 13,040. 
Fic. 31. Section through bases of two cilia in regenerating area. X 53,690. 
200 


— 
se 


FERRET RESPIRATORY CELLS INFECTED WITH INFLUENZA 


Fic. 32. Fully regenerated area at 30 days after infection. Ciliated and mucous cells 
seem entirely normal. 12,720. 
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Fic. 33. Capillary below mucosa of six hour specimen. Degree of change in capillary 
endothelium not determined. Leucocyte seems to be in contact with both sides of wall. 
12,720. 
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Fic. 34. Leucocyte with numerous protrusions and adherent to capillary endothelium 
at left. x 28,400. 

Fic. 35. Leucocyte migrating through capillary endothelium. A portion of the leucocyte 
is extra vascular. X 20,000. 


203 


| 

ae 


204 GERHART HOTZ AND F. B. BANG 
as projections through the surface of the cell, apparently starting in the basal 
body portion about .05 4 below the cell surface. No forms “intermediate” 
between microvilli and cilia were seen. 

Thirteen and fifteen day specimens showed more cilia and a beginning of 
differentiation of mucous cells showing large granular endoplasmic reticulum, 
scattered drops of mucous, and profuse microvilli. Presumably the mucous- 
ciliary mechanism had resumed its activity at this stage, for a thin layer of 
mucous covered the cavity lining, or upper, surface of the cells. By 30 days 
the surface area looked entirely normal and we could not distinguish the re- 
paired surface (Fig. 32) from the uninfected. 

Certain changes were seen in the blood vessels immediately subjacent to 
the surface area, and though these changes during the infectious process are 
not integral to this report they will be noted as relative to it. Six hours post 
inoculum one of the capillaries showed a few cytoplasmic processes from the 
endothelial cells projecting into the lumen. A polymorphonuclear leucocyte 
was seen to be apparently adherent to the inside walls of the vessel (Fig. 33). 
At 24 hours, leucocytes were found between the endothelial cells, and long 
processes from the leucocytes reached into the lumen (Fig. 34). At 48 hours, 
leucocytes were found penetrating through the capillary endothelial cells into 
the edematous perivascular space (Fig. 35). In a forthcoming study on the 
electron microscopy of inflammation, these changes will be described and 
analyzed in some detail by James L. Frost. 


DISCUSSION 


In attempting an interpretation of these findings, several limitations must 
be kept in mind. First a characteristic morphology of influenza virus in sec- 
tions of material has not been demonstrated. Secondly the amount of virus 
needed within infected cells so that any appreciable number would be found 
in a thin section, which contains less than 400 portion of the cell, is, of course, 
large. Thus we are at present unable to interpret this part of our data. 
Studies of the interaction of the myxoviruses with their host cells in the 
chorio-allantoic sac of chick embryos have shown that a maximum change 
may occur at the surface of the cell. The highest resolution pictures obtained 
(18) have also shown the formation of smaller spherical particles with the 
hosts cell’s surface layer. In some infections, particularly recently adapted 
strains of virus, the chorio-allantoic cell reacts by growing out many long 
thin filaments from the surface. Within these filaments variable numbers of 
virus particles are seen, and it is not known how much of the filament is host 
cytoplasm, and how much is virus (6). In more virulent infections produced 
by other members of the myxovirus group there is extensive cell destruction 
without, or perhaps before, this superficial destruction. 
We are interested in the reaction of the ferret respiratory epithelium because 
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both ciliated and mucous cells have a profusion of microvilli which might 
serve in relation to virus a function similar to the microvilli of the chorio- 
allantoic cells. Although in the early diffuse changes there was hyperactivity 
of the surface, no evidence of specifically altered microvilli was found. It 
would thus appear that our strain of influenza virus was so virulent for the 
respiratory epithelium, that changes analogous to the chick chorio-allantoic 
cell changes were not found. A less virulent strain might however produce an 
entirely different effect. 

In a study of the growth of influenza virus in the tracheal epithelium of the 
mouse, Harford et al. (5) found no destruction of ciliated or mucous cells and 
describe the formation of large dense cytoplasmic inclusions filled with small 
particles about the size of influenza virus. They studied several strains of 
virus and found no visible difference. The destructive effect of influenza virus 
for the respiratory epithelium of the ferret is however well established (7, 8). 
Apparently the cell system is sufficiently different to sustain these differences. 
Mumps virus has not been found to produce cytoplasmic changes in cells in 
tissue culture or in the chorio-allantoic membrane. Definite intra-cytoplasmic 
inclusions are, however, apparent in the infected monkey parotid gland (19). 

The application of the higher resolution of the electron microscope to the 
study of the ferret mucosa has not changed any of the findings previously 
reported with the light microscope (7, 8). It would seem from our studies that 
the early phase of the infection may be even more focal than has been sus- 
pected. Individual ciliated cells apparently either slough out or are phago- — 
cytized. They are then immediately replaced by the basal cells which pre- 
sumably migrate upward to take the place of destroyed cells. Later the process 
obtains throughout the superficial mucosa and almost the entire specialized 
lining surface is lost. However, even at four days a few surviving ciliated cells 
were found among the replacement cells. This may mean that the basal cells 
are continually replacing both ciliated and mucous cells. When a slight respira- 
tory infection, such as the common cold in man, destroys a moderate number 
of ciliated cells, the gaps in the ciliary-mucous barrier are rapidly filled in by 
the basal cells and the general efficiency of the mechanism may not be reduced. 
When, however, an acute process spreads rapidly throughout the mucosa, the 
ciliary-mucous mechanism must for a few days be essentially non-functional. 
The mucosal surface may then be unusually susceptible to other bacterial in- 
fections, and indeed the great susceptibility of ferrets infected with influenza 
virus to hemolytic streptococci has been described (20). 


SUMMARY 


The changes in the mucosal lining cells (ciliated and mucous cells) of the 
ferret following infection with influenza virus were studied in the electron 
microscope. 
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1. The normal ciliated cells of the ethmoturbinal region have the fine struc- 
ture common to a variety of ciliated cells. The cilia project through the cell 
surface and carry the cell membrane with them; their internal structures are 
continuous with their subsurface basal bodies. Evaginations of the cell surface 
are the microvilli which are about half the length of the cilia. The cilia are 
encased at their bases by an irregular extension of the cell’s surface mem- 
brane. A limited serial section reconstruction of the mitochondria show that 
they are a complex interwoven plexus, the entire morphology of which was not 
determined. 

2. The mucous cells occur throughout the surface with the ciliated cells. 
Their surfaces are formed of microvilli of variable length, usually shorter and 
broader than those of the ciliated cells. 

3. An occasional isolated degenerate columnar cell, accompanied by a white 
cell is found in the normal ferret mucosa. A number of granules and cell in- 
clusions which might be confused with viruses are described. 

4. The changes effected by the virus may be described as a. acute diffuse, 
b. acute focal, c. generalized destructive, d. residual, and e. reparative. 

5. During the acute diffuse changes which follow early after the inoculation 
of heavy doses of virus the microvilli seem longer, frequently have ballooning 
tips and are associated with granular debris. Extrusions of portions of the 
cell protrude between the cilia. 

6. Acute focal changes are apparent in shrunken ciliated cells which were 
either extruded into the mucous over the surface, or appear as shrunken de- 
generate cells which are phagocytized by neighboring cells. 

7. Replacement of destroyed cells by basal cells takes place early in the 
process before there is any sign of general destruction. 

8. Generalized destruction is manifest mainly by the accumulation of vesi- 
cles throughout the cell. Vesicles are formed of distended mitochondria, ex- 
panded endoplasmic reticulum (including the Golgi region), and fluid droplets 
between the cytoplasmic and nuclear parts of the “double’”’ nuclear membrane. 
The nuclei are not altered during this cytoplasmic change. 

9. Rapid destruction continues, with concomitant replacement by basal 
cells, until no specialized cells are left at the surface. The new cells have an 
average number of microvilli. 

10. Regeneration of the mucosa starts with the formation of individual cilia 
in the new tall columnar cells. The cilia appear amid the elongated microvilli 
which have covered the entire surface, and apparently arise from basal areas 
below the cell membrane. 

11. Regeneration when completed presents the same fine structure of ciliated 
and mucous cells present in the normal uninfected ferret. 

12. The infammatory changes are accompanied by changes in the vascular 
endothelium and in the white cells within these vessels. 
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104(2): SIR VICTOR E. NEGUS? 
mumps Fellow of King’s College, London, England 

: In a study of animals and Man it is interesting to note that pouches of the 
i pharynx are almost unknown in the former and are relatively common in the 


human species. Only once have I found a pouch that was comparable to that of 
man and that was in a Mangabey monkey. 

In view of the seriousness and discomforts of the condition, it is necessary to 
enquire into the factors which have made Man particularly liable to this com- 
plaint. 


Mechanism of Deglutition 


The anatomical structure of man has passed through so many changes that 
itis extremely difficult to understand the reasons why some defects afflict 
him; and it is of advantage to follow the stages of evolution, and thereby to 
unravel the reasons for the complicated mechanism. It is advantageous to 
start at the very beginning, and even from the simple unicellular organisms one 
may gain useful information. For instance, an amoeba, when it wishes to engulf 
a bacterium or other form of nourishment, projects part of its protoplasm 
around the object to be swallowed, and, closing the two projecting pseudopodia, 
is able to absorb the particle of food. 

In simple organisms the mechanism of swallowing is not very complicated; 
thus, in the earthworm there is an elongated tube, with partial sub-divisions, 
surrounded by a muscular wall which, by peristaltic action, is able to propel 
food down the pharynx and oesophagus into the stomach. In a reptile, such as a 
chameleon, the pharynx is very capacious; it has two sets of muscles, one 
longitudinal and the other circular. When an insect is taken into the mouth 
the pharynx is pulled over it by the longitudinal muscles, and a peristaltic wave 
of the circular constrictors then carries the morsel down to the stomach. In 
this particular animal, the larynx is extremely small, and offers practically no 
complication in the simple mechanism of deglutition, since it moves with the 
pharynx and offers no hindrance to the passage of food. 

In mammals, however, including man, the conditions are reversed. The 
larynx in them is a very important structure, instead of being a diminutive and 
insignificant organ. It is large, and many of the muscle fibres of the lower 
pharynx take origin from it. Furthermore, instead of the larynx being suspended 


"A lecture delivered at the Johns Hopkins Hospital, April 30, 1957. 

*For the week of April 28th, 1957, Sir Victor was in residence as the Samuel J. Crowe 
Visiting Professor of Otolaryngology, at The Johns Hopkins University School of Medi- 
cine. 
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LEVATOR PALATI 


STYLOPHARYNGEUS 


—_—. PALATO-PHARYNGEUS 
& PALATO-LARYNGEUS 


SALPINGO-PHARYNGEUS __ 
SUPERIOR CONSTRICTOR 


~MIDOLE CONSTRICTOR 


THYROID CARTILAGE 


INFERIOR CONSTRICTOR 


Fic. 1. Human pharynx opened from behind, to show the elevator and constrictor 
muscles. The oesophagus is seen attached to the posterior surface of the larynx. (Modified 
from Gray’s Anatomy, 19th Ed., 1916) 


in the floor of the pharynx, the oesophagus is suspended from the larynx. In 
consequence of these changes considerable modifications are to be observed 
(Fig. 1). 

Of reptiles a snake is slightly different in organization from a chameleon, but 
the basic mechanism is the same. If one watches this reptile swallowing a rabbit, 
one finds that after squashing it into an elongated shape, it takes its prey into 
the mouth head-first, and by what may be called a creeping process progresses 
forward over the large bolus. A similar action of pulling up the gullet by the 
longitudinal muscles, followed by constriction of the circular fibres, gradually 
causes the rabbit to pass down; but when one watches, one sees that the rabbit 
remains at the same spot, with the snake creeping over it. In higher species a 
somewhat similar mechanism applies if the structure of the food tract be re- 
garded on these simple lines. Increase in size of the larynx, however, introduces 
various complications. 
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In the human pharynx and oesophagus there is a very similar action; one may 
see this quite clearly in a lightly anaesthetized patient when the mouth is open; 
the pharynx is elevated, and a wave of constriction then runs down. In the 
oesophagus a similar mode of propulsion is used, the peristaltic wave being 
followed quite easily if measured with pressure indicators at different levels; 
this can be done accurately with a fine polythene tube connected to a capaci- 
tance meter. 

The structure of the larynx has a considerable influence on the mechanism, 
and in species such as the reptiles already referred to, and in birds, its simple 
nature and its presence in the floor of the pharynx, with no upstanding margins, 
does not interfere with the passage of food. In these instances the larynx has 
merely to carry out what is its original function, that of closure to prevent 
inundation of the lungs by water or food. 

In the mechanism of swallowing as studied in Man it is found that there are 
two sets of muscles concerned, the vertical and the circular components of the 
pharyngeal musculature. The former consists of the salpingo-pharyngeus, 
stylo-pharyngeus, palato-pharyngeus and palato-thyroideus; and the latter of 
the superior, middle and inferior constrictors (Fig. 1). In the concerted action of 
these muscles, the first movement from the resting stage, during which respira- 
tion is carried on, is one of elevation; the whole larynx is pulled up close to the 
hyoid bone in an upward and forward direction. The hyoid itself rises towards 
the base of the tongue. At the same time the larynx is closed and the bolus of 
food descends until it reaches the mouth of the oesophagus. At this point there 
is, during normal respiration, a constriction caused by the cricopharyngeal 
sphincter. During swallowing respiration is arrested and a reflex stimulus from 
the posterior wall of the pharynx leads to relaxation of the sphincter at the 
moment when the bolus of food reaches it. The larynx then descends and, when 
the bolus has passed, it reopens, allowing respiration to recommence. 


Influence of Olfaction 


In fish there is an olfactory organ, of simple type designed for the purpose of 
picking up scents, but with no communication between it and the pharynx. A 
similar condition is seen in a human embryo up to the thirty-fifth day, when 
the bucco-nasal membrane breaks down. In the isolated olfactory organ scent 
laden water circulates, either under the action of cilia or through forward move- 
ments of the fish. Lung fish, however, inhabit rivers and swamps which dry up 
at certain seasons of the year, and to survive they must of necessity be able to 
breathe oxygen derived from the air and not from the water. To do this, lungs 
of simple type have been evolved; air is forced into the lungs by swallowing 
movements, and the current of air so created, passes in part or in whole through 
the olfactory organ which, in this species, communicates with the pharynx. 
Frogs and other amphibia are similarly organized. In many of them there is a 
bellows apparatus formed by the muscular floor of the mouth, which draws air 
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in through the nose, the posterior opening of which is valvular, to retain the 
air so inhaled. The olfactory organ thus assumes the characters of the mam. 
malian nose, but in the cold-blooded species it has one function only, and that 
is olfaction. In mammals it takes on another function, that of warming and 
moistening inspired air, and for this purpose the mucosa permits transudation 
and is provided with numerous secreting glands. Moisture is required, not 
only to allow the olfactory region to perceive odours and flavours, but also to 
maintain ciliary action, and to permit respiratory changes in the alveoli. 

Scent is of vital importance to very many mammals, to herbivora as a wam- 
ing of enemies, and to carnivora as a means of detecting prey. In order to main- 
tain the integrity of the olfactory sense while the mouth is open, it is necessary 
to ensure that inspired air shall pass through the nose, and thus over the olfac- 
tory mucous membrane. For this purpose the epiglottis is evolved to act asa 
flap between the larynx and the naso-pharynx, leaving a free passage for air 
through the nose, but preventing its entrance through the mouth. This is a 
complication necessitating certain changes in the mechanism of swallowing 
(Fig. 2). 

In many species the larynx, for respiratory and olfactory reasons, is intra- 
narial and is surrounded by a complete arcus palato-pharyngeus; this is a 
circular ledge or fold of mucosa with underlying muscle fibres derived from the 
palato-pharyngeus. In man the fold is represented by the posterior pillars of 
the fauces but they fade out on the pharynx and do not form a complete arcus; 
man is thereby deprived of an anatomical barrier capable of directing food into 
the oesophagus, preventing it from striking on the part of the pharynx between 
the circular and oblique fibres of the inferior constrictor, as occurs in purely 
herbivorous species. 


Evolution of Lateral Food Channels 


Herbivorous animals have to eat so much semi-liquid food that it would be 
most inconvenient for them to stop breathing every time they swallowed. To 
allow food to pass the larynx without danger of inundation, there is developed 
a protective fold at the side of the larynx; this extends from the epiglottis to 
the arytenoid cartilage, and is known as the ary-epiglottic fold. In species where 
the fold is long it is supported by a prop or stay, the cartilage of Wrisberg. 
Lateral food channels are thus brought into existence; they help to direct food 
into the oesophagus, without strain on the posterior pharyngeal wall. 

This lateral channel in cetacea, such as whales and dolphins, is the only means 
by which food can reach the oesophagus, since the larynx is permanently intra- 
narial, with a surrounding arcus palato-pharyngeus; foetal marsupials are 
similarly equipped (Fig. 3). 

In man, two changes have taken place. First, in the human species vision has 
replaced olfaction as the most important means of protection, and the powers 
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od into In the snake the larynx is placed far forward and can be protruded during the swallow- 
etween ing of a large bolus. 
The Capuchin Monkey (Cebus Fatuellus) has a large larynx opposite the base of the 
purely skull; the tongue is flat and the palate is long and in relation with the epiglottis, which 
rests on it. 
In the Orang (Simia Satyrus), the jaws are prognathous, the tongue is flat and the epi- 
glottis is only just in contact with the Velum of the palate. There is slight descent of the 
yuld be larynx, owing to the flexion of the head on the vertebral column, with alterations in the 
ed. To vertebro-occipital and pituitary angles. 
eloped Man has recessed jaws and a curved tongue, forcing the larynx to lie low down in the 
ttis te neck, opposite the cervical vertebrae. There is a wide gap between palate and epiglottis. 
‘eben of scent have become very feeble. In consequence, it is no great handicap if air 
+ food passes in through the mouth, thus reducing the olfactory sense for the time 
being. The epiglottis of man does not reach the soft palate, and if delicate 
— scents or flavours are to be perceived, it is necessary for the mouth to be closed 
‘eee during inspiration. A second change in man concerns the lateral food channel, 
ee which is no longer required in such an efficient form as in some other species, 
because, although he is of herbivorous descent, the food taken consists no 
on idl longer of herbage only, but is more solid, in the form of fruits, nuts, roots and 


aaa also flesh. The ary-epiglottic fold of man is consequently relatively inefficient, 
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Fic. 3. Diagram to illustrate the formation of a lateral food channel. In each case the 
pharynx and larynx are seen in section and in profile. Liquid and food has to pass over the 
closed larynx in the lung fish, lizard and lion; the larynx of the latter is of primitive type, 
with the addition of an epiglottis. The monkey and Man have a poor lateral food channel 
but in deer and other ungulates and in many rodents it is extremely efficient and even 
more so in Cetaceans. 

Ph = pharynx. Tr = trachea. Ep = epiglottis. NP = nasopharynx. LFC = lateral 
food channel. Arc = arcus palato-pharyngeus. V = ventricle. 
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except in young infants. It is only in purely herbivorous species that ary- 
epiglottic folds function and their adoption as a means of protection has caused 
the margins of the glottis to blend with the superjacent folds and to be smooth 
and non-valvular. 

In animals of herbivorous descent which made independent use of their 
forelimbs, a valve in this previously flat fold is evolved; this takes the form of 
the inferior thyro-arytenoid fold, usually known as the vocal cord or vocal fold. 
This point has some bearing on the subject under discussion. 


Alteration in Position of Larynx 


A change of very great significance follows the assumption of the erect pos- 
ture by man; this is associated with shortening of the snout, and the two 
points must be cited together in relation to the position of the larynx. The 
flexion of the head on the vertebral column, to allow of forward vision during 
the upright posture, alters the angle between the vertebrae and the skull, and 
also changes the pituitary angle. Secondly, the recession of the jaws, which 
follows a change of diet, causes the tongue to move backwards and, instead of 
lying flat in the mouth, to become curved, its posterior part turning down into 
the pharynx in close relation with the larynx (Fig. 2). 

On examining the structure of the majority of mammals the larynx is found 
to lie well forward, opposite the base of the skull. Only at the level of higher 
apes, with their prognathous jaws and slouching gait, is there a partial descent 
in the neck. 

In the human species this pushing down of the larynx commences at an 
early foetal stage and progresses until adult life is reached. The consequence is 
that the epiglottis is separated from the soft palate, and a capacious pharynx 
is created, a cavity almost absent in most mammals, and only of small size in 
higher apes. This descent of the larynx has a close connection with the produc- 
tion of pharyngeal diverticula, since the constrictor muscles of the pharynx, 
which in most animals are circular, assume in man an oblique inclination, 
owing to the fact that superiorly they are attached to the base of the skull; this 
change can be well seen in dissections of various species. The simple mecha- 
nism of elevation of the pharynx, followed by peristaltic action of the constric- 
tors, still remains. Owing, however, to the size of the larynx, there is some 
complication in the passage of a bolus. The larynx, as it does in simple species, 
such as the chameleon, takes part in the movements of the pharynx during 
swallowing, and rises with the hyoid bone towards the base of the tongue. 


Mechanism at the Mouth of the Oesophagus 


A further complication is introduced by the evolution of a powerful sphincter 
at the mouth of the oesophagus; this is formed by the crico-pharyngeus, which 
arises from the sides of the cricoid cartilage and is inserted into a median raphe 
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in front of the vertebral column. The sphincter is required, as I pointed out jp 
1925, to prevent passage of air into the gullet in all animals which draw air into 
the lungs by suction and particularly in those which fix the chest for forelimh 
efforts by means of an inspiratory laryngeal valve. 

Certain animals which use the forelimbs independently, either for climbing 
or for grasping, help to fix the origin of the pectoral muscles from the ribs by 
closing the glottis and maintaining the thorax and diaphragm in an inspiratory 
position. 

Reduction of pressure in the thorax helps to limit the movement of the ribs 
and thus gives firm attachment to the pectoral muscles. 

The valvular type of larynx is most efficient in arboreal animals, such as 
lemurs and chimpanzees; in the former the inferior thyro-arytenoid folds are 
! very sharp, resembling aortic cusps and the ventricular bands are upturned, 
; sharp-edged and similarly valvular. 

Ungulates and other fast running animals have a wide laryngeal airway and 
this, together with the absence of independent forelimb efforts, necessitates a 
crico-pharyngeal sphincter of less efficiency than in man, whose arboreal descent 
and relatively small airway increase the possibility of oesophageal respiration. 
In him the glottis is narrow and the tendency for air to be sucked into the easily 
dilated oesophagus during inspiration is considerable. 

This is readily observed when an oesophagoscope is passed in a conscious 
patient, who becomes alarmed by a sensation of asphyxiation until the mouth 
of the oesophagoscope is temporarily closed to divert air into the trachea. 

It is obvious, therefore, that man requires an efficient sphincter; the fold 
remains closed at all times except when food is passing and then it relaxes in 
response to a stimulus from the upper pharynx. It should then open to allow 
the bolus to pass, under the propulsive force of the pharyngeal constrictors. 

All the evidence assures me that any large bolus is carried through the 
pharynx by a force pump action and not merely by the pull of reduced pressure, 
as has been suggested; anyone who has had the management of a patient with 
a pharyngostome, will have derived visual evidence of the powerful muscular 
wave, which may be confirmed by actual measurement with a manometer. 

After the pharynx is elevated, and when the peristaltic wave of the constric- 
tors passes down, propelling a bolus before it, the crico-pharyngeal sphincter 
should relax at the moment the bolus reaches it. As it does so, the larynx is 
pulled upwards and forwards, and by a most efficient mechanism the mouth of 
the oesophagus is opened, not only by relaxation of the sphincter, but also by 
tilting forward of the arytenoid cartilages, on the summit of which are placed 
the recurved cartilages of Santorini. Attachment of the anterior oesophageal 
wall to these hook-like processes causes the mouth of the oesophagus to be 
opened in a funnel-like manner, provided there is relaxation of the sphincter 
(Fig. 4). 


Cal 
til 
ta 
al 
bi 
: al 
h 
a 
‘a 


1 out in 
air into 
orelimb 


limbing 
ribs by 
ratory 


he ribs 


uch as 
Ids are 
urned, 


and 
fates a 
escent 
ration. 
easily 


scious 
nouth 
e fold 
xes in 
allow 
ors. 
h the 
ssure, 
with 
cular 
r. 
stric- 
ncter 
nx is 
th of 
0 by 
jaced 
igeal 
0 be 
icter 


ETIOLOGY OF PHARYNGEAL DIVERTICULA 
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ARYTENOID ARISING CART. 
FROM CONUS ELASTICUS. CEBOPHAGUS. 


CRICOID CART. 


MAN AET. 50 


Fic. 4. Dissection of right half of the larynx of a man aged 50 years. The cuneiform 
cartilage of Wrisberg supports the thin ary-epiglottic fold; the recurved corniculate car- 
tilage of Santorini gives attachment to the anterior wall of the oesophagus, which is at- 
tached also to the back of the cricoid cartilage. 


In man the oesophagus is attached partly to the back of the cricoid cartilage 
and the funnel-like opening is less than in the majority of mammals. This, com- 
bined with the sudden narrowing of the food tract at the junction of pharynx 
and oesophagus, is an important factor. The posterior wall of the oesophagus 
has no attachment to the larynx. 

In the dog, it is interesting to note that fibres of the thyroarytenoid muscle 
are continuous with fibres of the oesophagus, and contraction of the sphincteric 
girdle of the larynx thus helps in opening the oesophagus. 

In the second stage of swallowing, in man as in most mammals, there is 
elevation of the whole pharynx, together with the larynx, by the vertical mus- 


217 
THYROID 
CARTILAGE. 
J 
j FOLD. 
yw / EXT. PART) THYRO- 4 
pane (ARYTENOIO aa 
/ MUSCLE. 
P 


SIR VICTOR E. NEGUS 


Fic. 5. Radiographs to show the position of the adult human larynx during rest (leit) 
and during swallowing (right). The larynx rises towards the base of the tongue while barium 
is going down; the crico-pharyngeal sphincter relaxes and the mouth of the oesophagus 
opens in a funnel-like manner. (Radiographs kindly lent by Dr. T. V. Crichlow.) 


cles (Fig. 5). These consist of the stylo-pharyngeus, salpingo-pharyngeus, the 
palato-pharyngeus and laryngeus, and in part, the levator and tensor palati 
(Fig. 1). As already mentioned, when the pharynx has risen to engulf a bolus, 
there is a subsequent peristaltic wave in the superior constrictor muscle, com- 
mencing in the nasopharynx. If this wave, passing down through the middle 
and inferior constrictors, reaches the mouth of the oesophagus when no signal 
to relax has been given, owing perhaps to loss of pharyngeal sensation, or if the 
signal is not effective, it will find the crico-pharyngeal sphincter closed (Fig. 6). 

The bolus will press against the walls of the pharynx in all directions. It can- 
not move upwards, because of contraction of the oblique fibres of the inferior 
constrictor, nor downwards because of resistance by the contracted crico- 
pharyngeus. 

Its forward passage is prevented by the obstruction offered by the larynx; 
posteriorly, however, there is an unprotected area above the horizontal sphinc- 
ter and below the oblique fibres of the inferior constrictor. 


Formation of a Pouch 


The result is that the bolus of food is compressed between the contracting 
oblique fibres of the inferior constrictor above and the unrelaxed circular 
fibres forming the crico-pharyngeal sphincter below; a triangular unprotected 
area appears between the two (Fig. 6). The result is herniation of the mucous 


> 
44 
. 
inter 
ol m 
Mus 
C 
spec: 
the 
mer 
pus 
pull 
mal 
cric 
+ I 


OF PHARYNGEAL DIVERTICULA 


ETIOLOGY 


(left) 

irium 

hagus 

, the 

alati 

olus, 

Svewaan 

dle 

gnal Fic. 6. Formation of a diverticulum of the pharynx. 

i the A. Normal musculature, showing the arrangement of oblique and circular fibres of the 

. 6). inferior constrictor muscle. 

can- B. Separation of circular and oblique division of the inferior constrictor with exposure 

: of mucous membrane. (Professor Parson’s specimen, Royal College of Surgeons of England 

Museum.) 

rico- C. A small pouch pressed out above the crico-pharyngeal sphincter. (Mr. Colledge’s 
specimen, R. C. S. Museum.) 

ynx; D. A large pouch descending into the mediastinum and capable of exerting pressure on 

inc- the oesophagus when filled. 
membrane of the posterior pharyngeal wall. It is not so much that the bolus is 
pushed through, but that the walls above and below this unprotected area are 

ting pulled forward, with consequent herniation. This gap does not appear in other 

ular mammals, since the fibres of the inferior constrictor are parallel to those of the 

cted crico-pharyngeus. 


It is of interest to note that in the pig there is normally a somewhat similar 
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herniation. It is not, however, of any pathological significance, because there 
is an arcus palato-pharyngeus, below which is an efficient lateral food channel, 
The herniation in the pig is above the arcus, in the nasopharynx, and therefore 
does not receive the impact of any food. 

If the crico-pharyngeal sphincter does not relax, there is some resistance to 
the upward and forward rise of the larynx. The elevator muscles of the larynx, 
however, and the thyro-hyoideus in particular, gradually overcome the pull of 
the crico-pharyngeus, and the latter is then detached from its position on the 
front of the vertebral column, to which it is normally held irremovably by the 
influence of atmospheric pressure. The oesophagus then follows the larynx in 
its forward and upward progress. This accounts for the frequent difficulty in 
finding the mouth of the oesophagus when a pouch is present, even under anes- 
thesia, unless a relaxant is employed (Fig. 7). 

Once the posterior attachment of the sphincter is displaced, there is no easy 
means by which the mouth of the oesophagus can be opened, since the traction 
of the larynx and cartilages of Santorini, previously referred to, pulls forward 
the whole of the oesophagus, and not merely its anterior wall. Subsequently 
the pharyngeal diverticulum enlarges when food enters it; and after it descends 
into the thoracic inlet, it necessarily presses on the lumen of the oesophagus and 
causes direct obstruction to the passage of food. 

It is of importance to note, however, that the pouch originates in consequence 
of dysphagia, caused by deficient muscular relaxation, with lack of opening of 
the mouth of the oesophagus; it is not, in its initial stages, the cause of dys- 
phagia, but is, on the other hand, the result. In some cases inflammatory 
changes will be found at the crico-pharyngeal fold, with some contraction of 
the mucosa, preventing full opening of the oesophagus; these changes may be 
the precursor of a pouch. If a patient is seen with dysphagia and a pouch, and 
is then found to have insufficient opening of the oesophagus, it is possible, by 
dilatation with a hydrostatic bag, to overcome the obstruction, and to allow 
food to pass readily; in consequence, the pouch, if it is small, may completely 
disappear. The evolution of a pouch is slow, and after a time the process is 
irreversible; but even so, dilatation may give relief for a considerable pericd. 
Otherwise, it is necessary to perform an operation; some prefer to divide the 
party wall between the oesophagus and pouch, and in so doing, they also 
divide the crico-pharyngeal sphincter. The alternative, which is the method 
adopted by me, is to expose the pouch, to dissect off the muscular and apo- 
neurotic layers, and to turn them back as a cuff. The pouch, formed by mucous 
membrane, is then closed by a purse-string suture, and is invaginated. The 
outer layers are brought together in a double-breasted manner to form a firm 
protection. Realizing that the formation of a pouch follows defective opening 
of the mouth of the oesophagus, it is important to carry out preliminary dilata- 
tion and subsequently to examine the patient radiographically, and to see 
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Fic. 7. Mechanism of formation of a pouch. 

A. During respiration with larynx open and crico-pharyngeal sphincter contracted. 

B. During the second stage of swallowing the larynx rises towards the tongue and 
closes; the sphincter relaxes. 

C. Insufficient relaxation of the sphincter delays the passage of a bolus and causes the 
posterior pharyngeal wall to be pulled forward by the two divisions of the inferior constrictor 
above and below the unsupported triangular area. 

D. Food squeezed into the bulge excavates a pocket; the unrelaxed crico-pharyngeus 
moves forward with the larynx. 

E. A pouch is formed behind the sphincter; the mouth of the oesophagus remains closed, 
causing dysphagia. 

F. A large diverticulum presses on the oesophagus, with increased dysphagia. 


whether any delay in deglutition occurs; if this is so, further dilatation is 
indicated (Fig. 8). 

The method adopted by some, of exposing the pouch, and turning it upwards 
for attachment to the wall of the pharynx, is not a logical procedure; it does 
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Fic. 8. Radiograph of a man aged 38, who had a very large diverticulum removed by 
a one-stage operation. Swallowing of barium 13 months after operation showed insufficient 
relaxation of the crico-pharyngeal sphincter, with temporary delay of the bolus and the 
formation of a shelf. Dilatation of the mouth of the oesophagus was required to correct 
the disorder. 


nothing to repair the weak area above the sphincter, and further herniation is 
almost certain to occur. 

These lengthy observations have been made in an attempt to follow the 
evolution of a pharyngeal diverticulum, and to explain how the process is 
best dealt with. The moral to be derived is that a pouch, in its early stages, is 
the result and not the cause of dysphagia. One has seen a number of cases 
where a pouch has been discovered and removed, with no relief of dysphagia. 
The laryngologist, frequently examining the mouth of the oesophagus and 
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understanding its mechanism, is in a good position to deal with a diverticulum 
on correct lines; and in this respect it is hoped that these observations of 
comparative anatomy may be of interest. 


CONCLUSION 


Descent of the larynx, with a change of inclination in the pharyngeal con- 
strictors, separation of the epiglottis from the soft palate, the absence of an 
efficient lateral food channel and the presence of a particularly powerful 
sphincter at the mouth of the oesophagus, are anatomical peculiarities of man 
which, in the event of inco-ordination in the second stage of swallowing, expose 
him to the risk of herniation of the posterior hypopharyngeal wall. 

When one studies the anatomical and physiological details, it is surprising 
to find how few suffer from herniation. 

To recapitulate, the factors referred to are particularly: (a) the low position 
of the larynx and with it the descent of the mouth of the oesophagus; (b) the 
obliquity of the inferior constrictor muscle in relation to the circular arrange- 
ment of the crico-pharyngeus; (c) the attachment of the anterior wall only of 
the oesophagus to the larynx and its wide range of movement during swallow- 
ing; (d) the active contraction of the crico-pharyngeal sphincter and the dif- 
ficulties of co-ordination of its relaxation with contraction of the pharyngeal 
force pump; (e) the lack of longitudinal suspension of the posterior wall of the 
mouth of the oesophagus; and (f) the absence of support at an unprotected 
spot. 

But it is not everyone who acquires a pouch. Consequently we can exclude 
those anatomical and physiological factors which are common to all; these are 
(a), (b), (c), (e) and (f). The factor of variable influence is obviously (d), the 
co-ordination of relaxation of the sphincter. 
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One of the most striking phenomena in psychiatry in the past decade has 
been the rapid expansion of group therapy. Treatment of patients in small 
groups is now being conducted in many different settings by psychiatrists, 
psychologists, social workers, clergymen and others. The kinds of groups are as 
varied as the group leaders. They range in size from a handful of patients to 
the population of whole buildings in a mental hospital, and any number of 
variations in method are in use. As with individual psychotherapy, attempts to 
> evaluate the effectiveness of these methods have not kept pace with their 
; application, and this is a major stumbling block to progress in this field. The 
: time has now come to begin to try to assess the strengths and weaknesses of 
different types of group therapy for different types of patients. As a first step 
in this direction, this paper reviews, in a somewhat theoretical and impression- 
istic way, some of the favorable and unfavorable aspects of so-called interview 
group therapy with adult psychiatric out-patients. The groups consist of pa- 
tients of both sexes with neuroses, neurotic character disorders, and an occa- 
sional ambulatory schizophrenic. They range in size from five to eight and meet 
once a week for an hour and a half. The therapist tries to create a comfortable 
and permissive atmosphere, in which patients can feel increasingly free to 
express and examine their feelings honestly with respect to both their personal 
lives and the other group members. The consideration of the values and draw- 
backs of this type of treatment will be confined to two aspects which differ- 
entiate it more or less sharply from individual treatment. First, therapy groups 
possess an attribute which may be termed cohesiveness, defined as the attrac- 
tion of the group for its members. Since it has been shown that the more co- 
hesive a group is, the more its members are influenced by its standards, the 
cohesiveness of therapy groups might be expected to be related to their thera- 
peutic efficacy. Secondly, group therapy permits the development and resolu- 
tion of overt conflict between members in a way that is not possible in indi- 
vidual therapy. 


In examining some of the favorable and unfavorable therapeutic implications 
of cohesiveness and conflict in interview therapy groups with adult psychi- 
atric out-patients, it is necessary to consider briefly the theory of psycho- 
neurosis on which this therapy is based. From the standpoint of psychotherapy 
the psychoneuroses are seen as maladaptive processes resulting from disturb- 
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ance in normal growth and maturation. The crux of the problem is that the 
neurotic seems to be unable to learn from experience. He seems continually to 
repeat the same maladaptive patterns; and each new experience of failure or 
frustration, instead of leading him to modify his behavior, seems to reinforce it. 
As has been said by others, neurotic behavior patterns are both self-perpetua- 
ting and self-defeating. They are self-perpetuating because they give temporary 
relief of anxiety, which tends to reinforce them. They are self-defeating because 
they do not resolve the underlying conflicts. Moreover, the diminution of 
anxiety is achieved at the cost of considerable loss of self-respect, which is 


al probably one of the main reasons why these patterns are self-perpetuating. The 
| pane major reason why psychiatric patients fail to learn by new experience may be 
nts & that their self-esteem is so damaged that they lack the courage to try new 
ber responses but instead cling to their habitual ones which, however self-defeating, 
pts to are comfortably familiar and often yield pseudo solutions to their problems. 
- their From this viewpoint, the goal of psychotherapy is to supply new interper- 
|. The sonal influences which help the patient find more effective and satisfying ways 
seni of dealing with his chronic conflicts. As the patient begins to experience some 
t step successes in his dealings with others, this reinforces the new way of behaving; 
shea and so, if all goes well, the maladaptive patterns are progressively weakened 
reall and the more successful ones strengthened. Thus, his potentialities for further 
of pa- emotional growth are progressively mobilized. 
ont At first glance the means by which psychotherapy tries to bring about bene- 
nasil ficial personality change seem to be legion. But most varieties of psychotherapy, 
table group as well as individual, seem to me to share two properties which have a 
= somewhat reciprocal relationship. In a shorthand fashion these may be termed 
= support and evocation. By support is meant diminishing the patient’s anxiety 
lend to the point where he is able again to become flexible in seeking better solutions 
iflen. to his conflicts than the ones with which he has become saddled. The major 
oups ways in which psychotherapy offers support are through reassurance, and 
twee strengthening the patient’s self-esteem. By reassurance is meant conveying to 
aa the patient that the therapist knows what is wrong with him and has a remedy. 
- the In this the relationship between therapist and patient is like any other doctor- 
sail patient relationship. The other type of support is conveyed by the therapist’s 
ar taking the patient seriously. That is, he maintains a steady respectful interest 
ndi- in the patient no matter what weaknesses and faults the latter may reveal. 
Through this the patient gains self-confidence by finding himself acceptable to 
teil a person he respects. These two forms of support may conflict in that reassur- 
chi. ance, by tending to foster the patient’s dependence on the therapist, may 
a counteract the growth in self-esteem which the therapist at the same time is 
. trying to foster, and this may be a problem in individual therapy. 
a Evocation is not as universal as the offering of support, but is an aspect of 


all therapies which have psychoanalysis somewhere in their family tree. These 
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therapies try to evoke the patient’s underlying conflicts so that they become 
manifest in the therapeutic situation. The rationale for this is that only re. 
sponses which are actually occurring can be modified or, in other terms, if the 
patient’s conflicts are brought from his unconscious into the focus of his cop- 
sciousness, his chances of finding improved solutions for them are greatly 
enhanced. 

Evocation of conflicts is accompanied by increased tension. In moderation 
this supplies incentive for change but if excessive it simply drives the patient 
back into his neurotic ways of obtaining relief. Hence, evocation must be 
tempered by support. Also, it must be accompanied by structuring the situa- 
tion in such a way that the habitual neurotic solutions are less successful than 
new, healthier ones in diminishing the patient’s tension. 

Considering group therapy in this framework, one of the potentially most 
supportive aspects of the therapeutic group lies in its success in becoming 
cohesive (1). As will be discussed presently, achieving cohesiveness in a therapy 
group involves serious problems, but to the extent that such a group is cohesive, 
it has special therapeutic values. In a cohesive group each member sees the 
group as in some way an extension of himself. Through his identification with 
other members his own personality is enlarged, and through his influence on 
them his feelings of personal power are enhanced. Although patients do develop 
a sense of dependence on such a group, this does not seem to be as demoralizing 
to them as dependence on an individual, such as the doctor, probably because it 
is more diffused and is also accompanied by this sense of increased power. Thus 
a cohesive therapy group tends to diminish the anxiety of its members while 
increasing their self-respect. A further potential advantage of a cohesive group 
is that members tend to internalize its standards, which aids them to maintain 
helpful changes in attitude outside the group. If a member has reached decisions 
about modifying his behavior as a result of his experiences in the group and 
these have the group’s sanction, when he is tempted to slip back, the feeling 
that he is letting the group down may help to check him. It seems likely that the 
more cohesive a group is, the stronger this force operating on its members will 
be. Thus a cohesive group helps its members to maintain changes in attitude or 
behavior which, in the eyes of the group, are beneficial to him, until he can gain 
sufficient reinforcement through experiences outside the group. 

A cohesive therapy group has two possible disadvantages. First, it might 
conceivably impede therapy if its standards were such as to strengthen mem- 
bers’ resistance. Since emotionally ill persons often have similar distortions of 
themselves and others, these might form the basis for feelings of cohesiveness, 
and so be reinforced rather than weakened. Members of a cohesive group 
might, for example, conspire not to discuss certain potentially disruptive issues, 
or to gloss over differences in viewpoint, or feelings of antagonism so as not to 
endanger their feeling of solidarity. Although these misgivings seem plausible, 
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become ff their validity is dubious. An important safeguard against a therapy group’s @ 
nly re- Bf becoming cohesively resistant is that it can develop cohesiveness only by incor- 
S, if the ff porating the standards of the therapist. It cannot remain in a stable league 
uis con. against him because the patients come to it in order to get his help. This fact is 
greatly § demonstrated by the reluctance of a cohesive group to gang up on its therapist. 


Although the group facilitates expression of hostility to the therapist, if the 
group is at all cohesive the latter can count on some members coming to his 
rescue, and on the tone of the group as a whole not remaining hostile for long. 
This seems related to the fact that the attractiveness of the group depends 
partly on members’ preserving their perception of the therapist as a potential 
source of help and a figure of prestige, through identification with whom their 
own self-esteem is strengthened. The therapist, provided he makes his expect- 
ancies for the group clear, can be confident that despite forces towards resist- 
ance, the group as it develops cohesiveness will incorporate the standards which 
he considers desirable. 

A second potential danger of group cohesiveness is that it may exert a force 
towards conformity on its members. This is not necessarily bad. For example, 
certain submissive patients sometimes force themselves to act more aggres- 
sively in compliance with the group’s standards. That is, they may be said to 
act aggressively because they are basically submissive. This pseudo aggressive- 


ulizing FF ness bolstered by his allegiance to a group may lead to beneficial changes in the 

use it patient’s relationships with important persons in his life. However, in general 

Thus it is important for the therapist to work towards group norms which encourage 

while each member to develop his own viewpoint to the fullest and which value 

group honest expression of feelings and appreciation of differences more than con- 

intain  formity. 

siOnS The real problem presented by group therapy is not too much group cohe- ; 

4 and siveness but too little. Obstacles to developing cohesiveness represent one of 

-eling the major difficulties in group therapy. Among these is the mutual contempt of % 

it the mental patients. To the extent that a patient feels stigmatized by having to 

s will undergo psychiatric treatment, this feeling is heightened by having to admit it 

de © publicly, as it were, especially to a group of people he feels to be equally un- 

‘gain worthy. Many patients, furthermore, distrust others, leading them to approach FY 
: each new relationship with the expectancy that it will be dangerous. This may : 
aight merely be a heightened manifestation of the fear of the stranger, which is prob- 

hem- ably innate in all gregarious animals including humans. In therapy groups such 

ns of as ours, which exert pressure towards self-revelation, the anxiety caused by the 

ness, presence of strangers is heightened by the knowledge that one is expected to 

roup expose one’s weaknesses to them. Another threat to group cohesiveness lies in 

sues, conflicts between members, to be considered presently. Fortunately, the 

oan therapist has several means at his disposal for combatting these disjunctive 
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forces. A major one may lie in the fact that man is gregarious and can gain 
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complete self-fulfillment only through harmonious interactions with his fellows, 

Many of the phenomena in group meetings can be thought of as manifestations 
of the tendency of human beings to make those groups of which they are mem. 
bers cohesive. Our patients, like the rest of mankind, seem to strive to make 
the groups they are in the kind of groups they want to belong to. Thus in early 
meetings of groups members try hard to find bases for mutual attraction. They 
hasten to identify themselves and others in ways which they believe will be 
acceptable. They search for superficial similarities but fail to pursue these to 
the point where important points of difference might emerge. Expressions of 
hostility are directed towards the environment of the group, rather than 
towards the group itself. In a hospital, griping about the conditions of hospitali- 
zation occurs almost universally in early group meetings. In out-patient groups 
complaints are usually directed towards influential members of the social en- 
vironment of the patients. This type of activity serves not only to find common 
grounds on which the group may coalesce, but to displace expressions of 
hostility from the group to the environment. Attacks on those outside the group 
may also serve to increase the attractiveness of the group to its members as a 
source of prestige, as when an attack is based on the failure of an outsider to 
understand the value of this type of experience or to appreciate his own need 
for it. Another manifestation of striving towards cohesion is the tendency of 
patients to continue interacting outside the regular group meetings. These 
contacts often seem to be used to dissipate disjunctive feelings generated by the 
therapy session and to strengthen forces of mutual attraction. 

Just as the therapy group presents opportunities for supporting patients 
through a feeling of belonging to it, which are not as available in individual 
therapy, so it also has special ways of evoking patients’ internal conflicts. The 
chief of these is probably the facilitation of overt clashes and antagonisms 
between members. The value of such conflicts has perhaps been insufficiently 
stressed in thinking about psychotherapy (2). In rightly emphasizing the 
therapeutic importance of acceptance, kindly understanding and similar atti- 
tudes, we may sometimes forget that conflict under proper conditions may be a 
stimulus to personality modification and growth. Conflict can increase self- 
respect in various ways—through defeating one’s opponent, through the dis- 
covery of hidden reserves and unsuspected strengths, or that one’s convictions 
may be worth fighting for. Through it we can learn to withstand the pressures 
of other personalities and to keep our heads in the face of such emotions as the 
anger of battle, the fear or depression engendered by defeat, and the elation of 
victory. Defeat, if not too drastic, may strengthen the capacity for self-disci- 
pline. Sometimes, if the opponent is right, defeat may lead to a beneficial 
change in attitude. Conflict situations, underfavorable circumstances, also 
increase communication skills. In them one learns to size up the strengths and 
weaknesses of others and to assert one’s own position in the most effective way. 
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Conflict teaches the skills of compromise, for if there were no disagreements, 
there would be nothing to compromise about. The ideal outcome of conflict, 
finally, is a new interpersonal integration between the opponents based on 
reaching a resolution which meets the needs of each better than either of their 
original positions, and this represents personality growth for both. 

There seems to be an intimate relation between external conflicts in which 
patients become involved and their internal ones. It is as if the internal conflict 
is reflected in the patient’s struggles with others. Individual therapy attempts 
to resolve the internal conflicts and thereby help the patient to develop more 
harmonious relations with his fellow men. Group therapy offers an opportunity 
for the reverse. Through battling through the externalized form of his conflict, 
a patient may be led to resolving the inner one. Although this sounds like a 
reversal of the usual cause and effect relationship, this is not actually the case 
because the patient’s constant embroilment in unresolved conflicts with others 
with the resulting feelings of anger and frustration is probably one of the reasons 
that the inner conflict is never resolved. 

The group affords many more stimuli for conflict than does individual 
therapy. In the latter, by deliberately keeping himself in the background, the 
therapist elicits only those antagonisms based on patients’ transference dis- 
tortions. In the group, not only are the opportunities for transference and 
mirror reactions multiplied, but each patient is faced with others possessing 
different attitudes and values based on differences in life experience and cultural 
background. Other sources of antagonism arise from the group situation itself, 
such as competition between members to dominate the group or to win favor 
with the therapist. The code of a successful group, by stressing honest expres- 
sion of feeling, increases the stimulus value of patients for each other and also 
the likelihood that the conflict will come to open expression. 

Various aspects of the group facilitate the development and resolution of 
such clashes. Open conflict between patient and therapist is inhibited in indi- 
vidual treatment because the power relationship is so one-sided. The patient 
may express his anger at the therapist to be sure, but the therapist has to give 
permission for this. Only the most skillful therapist can fight back in a thera- 
peutically helpful way. In the group, antagonists are more nearly matched. If 
one is obviously the weaker, he can usually gain allies. 

The position of the therapist in the group enables him to be particularly 
useful in conflict situations. In individual therapy he is the target of the pa- 
tient’s hostile feelings; in group therapy he often is not and can therefore 
operate much more flexibly. For example, he can protect the weaker patient, if 
this seems indicated, or support both antagonists, which is perhaps his most 
common activity. Finally, his presence is a guarantee to each of the opponents 
that the situation will not be allowed to get beyond control, so that each is able 
to express his feelings with relative freedom. 
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Though it would be gratifying to be able to report that conflicts between 
group patients typically end by each creatively modifying his attitudes, it must 
be confessed that, in groups as in everyday life, most conflicts end in draws or 
defeat for one of the opponents. However, even these outcomes are often 
therapeutic. A draw is therapeutically useful if it leaves each protagonist more 
convinced that his position is right for himself while more able to see that the 
other’s is right for him. In the process of agreeing to disagree each has become 
better acquainted with himself, and has gained confidence by his ability to hold 
his ground. Thus in one group a prolonged feud developed between two Jews, 
one of whom flaunted his Jewishness while the other tried to conceal it. Each 
finally realized that he was combatting in the other an attitude he repressed in 
himself (mirror reaction). The militant Jew finally admitted that he was dis- 
turbed by certain disadvantages of being Jewish and the man who hid his 
background confessed that he secretly nurtured a certain pride in it. Neither 
changed his own attitude, but through the conflict each gained better under- 
standing of himself and his antagonist. 

An example of a therapeutically useful defeat is the following (3). An intel- 
lectual young man wanted desperately to let himself become more emotionally 
dependent on other people, especially women, but felt that if any woman knew 
his real self, she could not possibly like him. This conflict expressed itself in 
persistent efforts to attract women, but intense anxiety whenever these efforts 
were about to succeed. As a result, he became involved in a series of painful and 
frustrated love affairs which heightened his internal conflicts. In the group he 
came under prolonged attack because of his air of intellectual aloofness. He took 
this attack seriously and defended himself vigorously. When, after many 
attacks, one of the members of the group indicated that he had friendly feelings 
for the patient, he rejected these saying that the group were all a “bunch of 
sick rabbits” whose opinions were worth nothing. The group pointed out that 
he took their attacks seriously enough and wondered why he could not accept 
their friendly overtures. One patient put it: “I had a phantasy about you. I 
said ‘Trover, I love you very much’, and you answered ‘Do you know how 
Webster’s Dictionary defines love?’”’. This seemed to break through the 
patient’s defenses. He cried at the next group meeting—the first time he had 
cried for years—as he told how he had reviewed all his friendships with girls 
and found that he had rejected all those who seemed to like him because their 
friendship was suspect. He felt he had charmed them by his facade, and if they 
knew his real self, they would reject him. Following this bit of self-revelation he 
was able to express his feelings much more freely in the group and soon there- 
after became engaged and eventually married to a young lady. Several years 
later he still remembered this as the most significant episode in his treatment. 
By accepting the validity of the group’s attack, this patient modified his atti- 
tudes in a way which markedly increased his success in living. 
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Conflicts in a therapy group, of course, are not always beneficial. In fact, one 
of the drawbacks of group therapy is that tension tends to get out of hand, 
especially in early meetings, and a major source of this tension is overt or latent 
antagonism between members. In order to be able to accept group therapy, a 
patient must have a certain tolerance for attack. In a recent experimental 
study, eight of 11 patients who dropped out of group treatment gave as a 
reason that it was making them worse. For these patients an optimal degree of 
tension could not be maintained. Typical sources of tension in such patients 
are catching symptoms from other patients, shame over having revealed too 
much about oneself, witnessing quarrels between other members, or becoming 
involved in altercations themselves. 

Cohesiveness and conflict should, therefore, be considered in relation to each 
other. A certain degree of underlying cohesiveness is necessary to outweigh the 
disruptive effects of conflict and protect the self-respect of the members in- 
volved. There seems to be almost no limit to the emotional intensity of conflicts 
which a well-established therapy group can absorb and turn to advantage, 
while in early meetings even a slight brush may lead to a member’s dropping 
out. The group leader should be alert to this danger and be ready to forestall or 
divert conflicts which the group is not yet ready to handle. 

In summary, group treatment introduces certain new dimensions into the 
therapeutic process, which deserve attention. In this presentation some of the 
conditions and therapeutic implications of two of these have been considered— 
cohesiveness and conflict. 

Cohesiveness, the feeling of attraction to the group, strengthens members’ 
self-respect and facilitates their internalization of the group’s standards. Con- 
flict, among other effects, evokes and so may help to clarify and resolve mem- 
bers’ internal conflicts, thereby facilitating personality growth. Conflict is 
beneficial only if the group is sufficiently cohesive to withstand its potentially 
disruptive effects. Under such conditions it can lead to increased cohesiveness 
by stimulating open communication, resulting in increased mutual under- 
standing. 
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INTRODUCTION 


Magladery and co-workers (1 to 11) have extensively investigated reflex 
activity in normal subjects and patients with central nervous system lesions. 
Their results have recently been summarized (12). The H reflex which they 
studied had many of the properties of the spinal cord tendon reflex described 
earlier by Hoffmann (13), hence the designation H reflex. This reflex is a 
monosynaptic one whose afferent link is over low threshold, rapidly conduct- 
ing fibers. The H reflex was present in the small hand muscles only in patients 
who had upper motor neuron disease due to lesions between mid-pons and 
cord. The present communication describes a similar reflex which can be 
elicited in the hands of normal subjects. Study of this reflex may provide a 
quantitative method of assessing the effect of drugs on spinal cord reflex ac- 
tivity. 


METHODS 


The ulnar nerve was electrically stimulated percutaneously either at the elbow or the 
wrist. The muscle action potential response to this nerve stimulus was recorded from M. 
abductor digiti quinti with surface electrodes on the hypothenar eminence (14). In a second 
type of experiment the action potential of the gastrocnemius in response to tapping its tendon 
was recorded simultaneously with motor unit responses obtained from a monopolar intra- 
muscular needle electrode placed nearby. Adult subjects without evidence of neurological 
disease were studied. 


RESULTS 


1. Effect of Stimulus Intensity 


Reflex activity was not clearly observed when the intensity of the nerve 
stimulus was maximal. As the stimulus intensity was reduced there was pro- 
gressive decrease in the direct motor response of the muscle, but in addition 
a second muscle action potential appeared. With further reduction of stimulus 
strength both direct and reflex responses disappeared. In some instances the 


1 This work was supported by a contract between the U. S. Army Chemical Corps and 
the Johns Hopkins University, and by a grant (B-894) from the Division of Neurologic 
Diseases and Blindness, National Institute of Health, U.S.P.H.S. It was presented before 
the American Federation for Clinical Research, May 2, 1954. 
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EFFECT OF DECREASING STIMULUS INTENSITY 


D E 


F 


Fic. 1. Muscle action potentials in response to nerve stimuli of decreasing strength. A 
shows the response to a maximal nerve stimulus. The peaks of the action potential are off 
the record. There was progressive decline in the amplitude of the direct motor response as 
the stimulus strength was reduced from A to D, and a second, reflexly produced muscle 
action potential appeared. The nerve stimulus at E produced no direct motor response, but 
was capable of producing a reflex response. 


reflex response could be elicited with stimuli which produced no discernible 
direct response (Fig. 1). 


2. Effect of Altering Site of Nerve Stimulation 


Latencies of the direct and reflex muscle responses were measured with 
stimulation of the ulnar nerve at the wrist and elbow. Moving the site of 
nerve stimulation from the wrist to the elbow increased the latency of the 
direct response and decreased the latency of the reflex response by an equal 
amount (Fig. 2). The calculated mean conduction velocity for both direct and 
reflex impulses over the segment of nerve between wrist and elbow was in the 
range of 60 meters per second. 


3. Suppression of Reflex Activity 


A single nerve stimulus was followed at a variable interval by a test stimu- 
lus. At intervals of 32 to 160 milliseconds (msec.), the reflex response to the 
test stimulus was suppressed. At shorter or longer intervals reflex activity was 
present (Fig. 3). 
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STIMULATION 
AT WRIST 


STIMULATION 
AT ELBOW 


B — 9msec 
24 msec 
Fic. 2. Direct and reflex responses with stimulation of the ulnar nerve at the wrist (A) 
and at the elbow (B). The latencies are indicated beneath each record. The change in latency 
a, was 5 msec. for direct and reflex responses and the distance between stimulus sites 28.5 cm. 
4 The calculated mean conduction velocity for both afferent and efferent volleys was 57 meters 
‘ per second over this segment of nerve. 


wR 
= | 
E F 
32 msec 40 msec 50 msec 
Fic. 3. Suppression of reflex activity following a conditioning stimulus. Two nerve stimuli 
were delivered separated by the time intervals shown. M indicates direct motor responses 
and R reflex responses. There was suppression of reflex activity in response to the second, 


or test stimulus beginning at 32 msec. The reflex response did not reappear until the interval 
was increased to greater than 160 msec. 
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EFFECT OF VOLUNTARY ACTIVITY 


CONTROL CONTRA- CONTROL IPSi- 
LATERAL LATERAL 
HAND HAND 


Fic. 4. The effect of voluntary activity on reflex response. A shows direct motor and 
reflex responses during the control period. B illustrates the increase in reflex response pro- 
duced by clenching the contralateral fist. Note the small spikes in the baseline indicating 
slight motor activity in the muscle under study. C is again a control record. D shows con- 
siderable baseline activity produced by clenching the ipsilateral fist with no facilitation of 
reflex activity. 

4. Facilitation of Reflex Activity 

With repeated elicitation of the reflex, unexpected large increases in the 
amplitude of the reflex response occurred at random. Closer observation of 
the subject revealed that these increases accompanied voluntary muscular 
activity elsewhere in the subject and could be reproduced by clenching the 
contralateral fist, raising a leg, or by a startle response (Fig. 4A and B). Even 
when the stimulus strength was reduced to the point where neither direct nor 
reflex responses were obtained during the control period, voluntary activity 
elsewhere permitted a reflex response to appear (Fig. 5A and B). This facilita- 
tion of reflex activity by voluntary muscular contraction elsewhere was found 
to be due to unconscious tensing of the muscle under study as evidenced by 
the appearance of small spike potentials in the baseline (Fig. 4B and 5B). 
Furthermore, if the subject consciously avoided tensing the hand under study, 
muscular activity elsewhere was without effect on reflex activity. Slight volun- 
tary tensing of the muscle under study produced large increases in the ampli- 
tude of the reflex response (Fig. 5C and D). More forceful contraction of this 
muscle (Fig. 4C and D) or passive stretching produced no changes in the 
reflex response. 


5. Facilitation of Deep Tendon Reflexes 


The possibility that the clinically observed facilitation of deep tendon 
reflexes by muscular activity elsewhere was on the basis of unconscious motor 
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B Cc D 

CONTROL CONTRA- CONTROL ABDUCTOR 
LATERAL 
HAND 


Fic. 5. The effect of voluntary activity on reflex response. A control record demonstrating 
that stimulus strength was below that required to produce direct or reflex response. B appear- 
ance of the reflex response (as shown by latency) when opposite fist was clenched. C control 
record with direct and reflex responses in another subject. D facilitation of reflex activity 
produced by gentle contraction of the muscle under study. 


activity in the muscle being tested was next investigated. Two subjects whose 
ankle jerks could be elicited only with reinforcement were studied. Intramus- 
cular recording at high amplification was used to record baseline motor ac- 
tivity. The usual reinforcement maneuvers were capable of facilitating the 


deep tendon reflex without producing a detectable increase in motor activity in 
the gastrocnemius. 


DISCUSSION 


Conclusions regarding the reflex pathway may be drawn from the latency 
measurements. The observation that the reflex pathway was shortened by 
stimulating the ulnar nerve more proximally indicated that the reflex activity 
was initiated by afferent impulses arising from the site of nerve stimulation, 
and excluded the possibility that the reflex arose from stimulation of muscle 
stretch receptors by the directly induced muscular contraction. In the latter 
case the interval between direct and reflex responses should remain constant, 
and reflex activity would not be evoked in the absence of a direct response. 
The possibility that the afferent limb of the reflex arc was mediated by anti- 
dromic conduction in motor fibers and that the reflex activity observed was 
due to repetitive firing in the motoneuron pool as described by Renshaw (15) 
was discarded, for it was demonstrated that reflex activity could be elicited 
without discernible direct motor activity. Furthermore, this observation indi- 
cated that the fibers which subserved the afferent limb of the reflex arc were 
of lower threshold than motor fibers. The afferent impulses were conducted 


old, 


236 
with tl 
tested. 
ductin; 
presum 
them 1 
The 
The 
fibers, 
| tation 
and cc 
other 
: the ot 
ent. 
the hi 
induce 
Howe 
and 
The 
was 0 
invol) 
the p 
ducec 
cente 
(17) 
monk 
have 
to tk 
facili 
tant 
in m 
effec 
1. 
the 


trol 
ity 


8 


SPINAL CORD REFLEX IN THE NORMAL HUMAN ARM 237 


with the same rapidity as motor impulses over the segment of ulnar nerve 
tested. Thus, the reflex arose from stimulation of low threshold, rapidly con- 
ducting, afferent nerve fibers. 

The suppression of reflex activity by maximal motor nerve stimulation was 
presumably due to antidromic firing of motor nerves or neurones rendering 
them refractory at the time of arrival of the reflex volley as described in the 
experimental animal by Lloyd (16). 

The reflex pathway, the low threshold and rapid conduction of the afferent 
fibers, the reciprocal relation between stimulus strength and reflex response, 
and the time course of the suppression of the reflex activity following its elici- 
tation are properties common to Hoffmann’s reflex, the H reflex of Magladery 
and co-workers, and this reflex. The essential difference between this and the 
other reflexes is that it was elicited from the hand of normal subjects, while 
the others could not be so elicited. The reason for this difference is not appar- 
ent. Since this reflex was facilitated by voluntary or involuntary tension in 
the hand muscle, it was possible that our method of immobilizing the hand 
induced slight muscle contraction which made the reflex more easily elicited. 
However, the reflex could be demonstrated with the hand in an unrestrained 
and comfortable position. 

The mechanism of this facilitation induced by minimal muscular activity 
was not demonstrated. Presumable series (tendon) stretch receptors were not 
involved, for passive stretching of the muscle was without effect. It is possible 
that the facilitation arose from parallel (muscle spindle) stretch receptors in 
the periphery. A more attractive hypothesis is that the reflex facilitation pro- 
duced by minimal voluntary activity was due to impulses arising from higher 
centers impinging on the lower motor neuron. Bernhard, Bohm and Petersen 
(17) have described facilitation of a monosynaptic reflex in the hindlimb of 
monkey produced by a conditioning stimulus applied to the contralateral 
hindlimb area of the precentral cortex. Recently Bickford and co-workers (18) 
have obtained similar results in man with subcortical stimulation. 

Quite clearly, the facilitating effect of other muscular activity was secondary 
to the unconscious tensing of the muscle uuder study. The experiments on 
facilitation of the ankle jerk indicate that this latter mechanism is not impor- 
tant in the clinical reinforcement of deep tendon reflexes. 

The reflex described here may provide a method for quantitatively studying 
in man the action of analeptics, central relaxants, and other drugs having an 
effect on spinal cord reflex function. 


SUMMARY 


1. An electrically induced and recorded spinal cord reflex is described in 
the hand of normal subjects which is similar in many respects to low thresh- 
old, monosynaptic reflexes observed in other muscle groups. 
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2. This reflex provides a tool for making objective measurements of the 


activity of drugs having an effect on spinal cord reflex function. 


11. 


12. 
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BOOK REVIEWS 


A Manual of Pharmacology and its Application to Therapeutics and Toxicology, 8th edition. 
By Torald Sollmann. 1535 pp., $20.00. W. B. Saunders Co., Philadelphia, Pa. 

This amazing octogenarian continues to revise his “manual” at regular intervals, despite 
the increasing difficulty in keeping up with the world literature. It would be pleasant to be 
able to praise this edition as a fine contribution. Unfortunately, it is not. The prime usefulness 
of the book is as a source of references to obscure articles. One can find an amazing variety 
of fascinating references on many drug groups. The reader is well advised, however, to read 
the references for himself, since they are of necessity brief and frequently inadequate. In 
addition, important references are at times completely missing, so that one cannot use the 
book in lieu of a comprehensive review of the literature. Sollman continues to be rather 
uncritical, which makes the book less than useful as a reference for students. As in previous 
editions, the chapters are arranged in a weird order, and the publishers continue to abet the 
author in his annoying habit of listing only those references published after 1940, making it 
necessary to consult previous editions for earlier sources. This book is an eloquent testimonial 
to the inability of any one man, no matter how talented or energetic, to write a satisfactory 
compendium on the whole field of pharmacology and toxicology. 


Louis Lasagna 


Fluid and Electrolytes in Practice, 2nd edition. By Harry Statland. 229 pp., $6.00. J. B. 
Lippincott Co., Philadelphia, Pa. 

There are now available a number of monographs on disorders of water and electrolyte 
metabolism. Several are designed as practical treatises primarily for practicing physicians, 
and such is the stated aim of this volume. Most, if not all, aspects of the clinical problems 
are covered and in most cases no serious error would arise by following the author’s precepts. 
While there are many correct ways for treating a number of disorders of water and electrolyte 
metabolism, it is doubtful that the author has described the simplest way. Indeed, some 
of his calculations in illustrative cases sound remarkably and unnecessarily complex. If a 
segment of the physician population does in fact require an over-simplified textbook, it 
has the right to demand that the over-simplification be true. There are at least a half a 
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dozen statements with which serious issue can be taken, not to mention a number of ambigui- 
ties. Throughout the book when the author refers to cellular dehydration, for example, he 
sometimes implies and sometimes says that cell water is lost with its contained potassium 


and other intracellular ions. This is so far from being a general truth that it can hardly be 
accepted as an oversimplification. In discussing obligatory loss of water the author writes 
that “for practical calculation food may be recorded as water’’. This leads to a gross over- 
estimate of the quantity of water taken in and to a gross underestimate of obligatory water 
loss, since food results in increased urinary solute load. This monograph cannot be recom- 
mended to students and there are better ones available for those physicians who wish a simple 
exposition of the problem. 


Kenneth L. Zierler 


Management of the Patient with Headache. By Perry S. MacNeal, Bernard J. Alpers and 
William R. O’Brien. 145 pp., $3.50. Lea and Febiger, Philadelphia, Pa. 

In this small volume, the authors attempt to come to grips with the problem of headache 
as a clinical phenomenon. Their experience in internal and neurological medicine, and in 
psychiatry, respectively, fits them well for the task—a difficult one. The scope of the book 
is indicated by the chapter headings—organic mechanisms of head pain; psychological 
mechanisms of head pain; vascular mechanisms of head pain; headache as a symptom of 
systemic disease; differential diagnosis and treatment of head pain; diagnostic techniques. 
The reviewer has found the material well considered, and presented in a readable fashion. 
It should be of considerable help to those repeatedly baffled by this common symptom. 

J. W. M. 


Practical Gynecology, 2nd edition. By Walter J. Reich and Mitchell J. Nechtow. 648 pp., 
$12.50. J. B. Lippincott Co., Philadelphia, Pa. 

Practical Gynecology is a gynecological text designed primarily for the use of the general 
practitioner and with this limitation the book can be recommended. 

The second edition has been expanded somewhat over the 1950 edition. Chapters on 
pediatric gynecology, geriatric gynecology, radiation therapy and “The Male Role in Gyne- 
cology” have been added and other chapters have been revised. The subjects usually included 
in gynecological texts are found here and well organized and clearly written. The most 
practical chapters for the general practitioner, history taking, examination and cytology as 
these pertain to gynecology are well presented. Reproductive endocrinology, menstruation 
and its disturbances, anomalies, infections, traumatic lesions and pelvic neoplasms are 
included and are well handled. 

The text cannot be recommended for medical students, gynecological house officers, or 
gynecologists. For the student, the book includes inadequate exposition of the pathogenesis 
of gynecological diseases. Pathology, particularly microscopic pathology, is particularly 
neglected. One would not expect gynecological surgery other than minor surgery to be 
covered in a book for the general practitioner and this is the case. House officers and 
specialists will need greater coverage of this phase of the practice of gynecology before the 
book would be useful. 

Finally this book appears to present the personal experiences and practices of the author. 
The almost complete lack of a bibliography except for articles by the authors severely limits 
the use of their text as a spring board for further reading. 

Lawrence R. Wharton, Jr. 
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Atlas of Clinical Endocrinology. By Hans Lisser and R. F. Escamilla. 476 pp., $18.75. The 
C. V. Mosby Co., St. Louis, Missouri. 

In the preface to this book the authors state their belief that a pictorial atlas will provide 
the simplest and most direct avenue for learning and understanding clinical endocrinopathies, 
This “Atlas”, based on the broad endocrinological experience of the authors, therefore con. 
sists of 476 pages of which approximately 260 pages are devoted to illustrations and accom. 
panying legends. The material has been divided into sections, each dealing with disorders 
of a particular endocrine gland. The various endocrinopathies are well portrayed by the 
selected illustrations, with only a few illustrations included because of extreme oddity rather 
than educational value. The text accompanying the illustrations lists the symptoms, findings, 
diagnostic criteria, and treatment for the respective endocrine disorders. 

In general the clinical features and laboratory guides essential for diagnosis are well 
presented. However, the discussion of the differential diagnosis between anorexia nervosa 
and primary pituitary insufficiency is confusing. In the section on obesity the authors do not 
delineate expressions of personal “belief” from opinions based on sound clinical and experi- 
mental observations in postulating hypothalamic disorders as etiologically important in fat 
dystrophies and obesity of childhood. 

As this publication represents primarily the personal practices of the authors, some dis- 
agreement is to be expected with their recommendations for therapy. That other authors dis- 
agree as to the modes of treatment outlined, e.g. reliance on Lugol’s solution in preoperative 
treatment of hyperthyroidism, or the necessity for desoxycorticosterone in patients with 
pituitary insufficiency, etc. is not stated and, in the reviewer’s opinion, detracts from the 
usefulness of the text material. Eponyms and synonyms have been preserved, and even 
extended—a feature which, although possibly of historical interest, tends to confuse rather 
than enhance an appreciation of the underlying derangements in glandular physiology. 

The authors and publishers are to be complimented on the general excellence of the format 
and illustrations. Unfortunately, some of the photomicrographs have been so reduced in size 
as to render them valueless. The price will prevent wide distribution, but this Atlas may be 
recommended for those interested in the pictorial aspects of well documented examples of 
endocrine disorders. 


W. C. Thomas, Jr. 


Gifford’s Textbook of Ophthalmology, 5th edition. By Francis Heed Adler. 499 pp., $8.00. 
W. B. Saunders Co., Philadelphia, Pa. 

Since the first publication of “Gifford’s Textbook of Ophthalmology” in 1938, it has 
enjoyed widespread popularity among physicians and medical students. The new Sixth 
Edition should continue to enjoy this popularity. The organization of the book is essentially 
unchanged from that of the original edition and is excellent. Most of the material has been 
brought up to date. New photographs have replaced older drawings. A few ancient drawings 
of external eye diseases have survived. (Figures 111, 134, 135, 136 and 154). One is even 
included twice (Figures 4 and 134). 

It seems unfortunate that fluorescein solution is included as a staining agent. Enough 
eyes have been lost from contaminated fluorescein to warrant its discard. 

This textbook of ophthalmology is one of the best available today and is highly recom- 
mended for all medical students and general practitioners. It serves as an excellent introduc- 
tion to ophthalmology. 


Howard Naquin 


Rheumatic Diseases, Rheumatism and Arthritis. By Heinrich G. Brugsch. 330 pp., $10.00. 
J. B. Lippincott Co., Philadelphia, Pa. 
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The author presents in outline form the essential information upon the subject of Rheu- 
matic Diseases and avoids much that is controversial. By so doing there is provided a volume 
of useful and readily available information. It is not, therefore, a book of reference to which 
the student may turn for a full discussion of any phase of the subject, but rather one to 
which he may refer and find in concise form the information desired. This makes it a useful 
volume to the practicing physician who is interested in more exact clinical diagnosis. The 
rather complete bibliography at the end of each chapter affords the opportunity to pursue 
in detail any subject of particular interest to the reader. 

The chapters on Joint Anatomy and Joint Physiology are particularly desirable, as they 
cover the general information on these important subjects in their relation to rheumatic 
disease. The wide variation in joint use causes one to regret that Joint Anatomy is not dis- 
cussed more specifically in its relation to joint disease. 

The chapter on Therapy is a very satisfactory one. It presents quite completely the 
benefits to be derived from and the shortcomings of various forms of therapy as well as the 
hazards entailed with their use. The value of the chapter would be enhanced were it more 
clearly presented that certain forms of therapy are applicable to the active phases, whereas 
others are useful in attempting to prevent or to correct the results of inflammatory joint 
disease. The arrangement of the chapter also leaves something to be desired, in that it is 
placed so early in the volume. The condition to be treated has not been described, the dif- 
ferential diagnosis has not been made, and it is not known precisely what one is treating. 
And yet the subject of therapy is entered upon as it applies to a variety of conditions. A 
different arrangement would greatly enhance the value of the treatise, even if some degree of 
repetition resulted. 

The author has set apart those conditions which in the strict connotation of the term 
should be called an arthritis, and conveys to the reader the importance of the proper dif- 
ferentiation of one pathological process from another. This is most important, for degenera- 
tion of cartilage is not inflammation of the synovium. Likewise, he has brought to the 
attention of the reader the many conditions which simulate arthritis, which for precise and 
accurate diagnosis must be recognized. This may even be overdone, but the author has sensed 
that there is no field in medicine in which careful differentiation has been more neglected. 
Whereas he has properly urged careful separation of arthritis from conditions which are not 
arthritis at all, he leaves the reader with a sense of lack of close inter-relationship among the 
various “collagen diseases’, which tends to over simplify a very complex group. 

The volume is nevertheless eminently worthwhile and can be read with profit by anyone 
seeking precise information on the subject of Rheumatic Diseases. 

Charles W. Wainwright 
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An Atlas of Cardiac Surgery. Prepared by Jorge A. Rodriguez. 250 pp., $18.00. W. B. 
Saunders Co., Philadelphia, Pa. 

The Electrocardiogram. Its Interpretation and Clinical Application, 2nd edition, revised. 
By Louis H. Sigler. 312 pp., $8.75. Grune & Stratton, New York, N. Y. 
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with a special section by R. L. DeC. H. Saunders and associates. 154 pp., $7.75. Grune 
& Stratton, New York, N. Y. 

Physiology of Prematurity, Transactions of the First Conference, March 21, 22 and gy 
1956. Edited by Jonathan T. Lanman. 151 pp., $3.25. The Josiah Macy, Jr. Foundation 
New York, N. Y. 

Public Health in Indonesia. Problems and Planning. By J. Leimena. 170 pp. C. G. T. Vag 
Dorp & Co., The Hague, Netherlands. 

Surgeons All. By Harvey Graham. 459 pp., $10.00. Philosophical Library, New York, NV¥ 

Systemic Arterial Embolism. Pathogenesis and Prophylaxis. By John Martin Askey, 1§f 
pp., $5.75. Grune & Stratton, New York, N. Y. 
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